oronary artery bypass grafting (CABG) has been performed more extensively in China. With surgical improvement in technology, more and more elderly patients with coronary artery disease who have suffered with multiple organ dysfunction have had CABG been performed on them, and the postoperative hypoxemia seems to be on the increase. Some reports revealed that many factors and the interaction of these factors leads to postoperative hypoxemia following CABG. [1] [2] [3] In this study, the pre-, intra-, and post-operative materials in patients with coronary artery disease who had CABG performed on them from March 2004 to March 2008 were collected and analyzed retrospectively. The relative risk factors were tested through descriptive analysis and logistic regression, the independent high risk factors of postoperative hypoxemia were obtained, and the aim is to prevent and treat postoperative hypoxemia after CABG.
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operative LVEF and LVEDD, preoperative PaO2 (the value of preoperative PaO2 was obtained under no oxygen supply), preoperative left ventricular aneurysm, left main trunk disease, emergency operation, CABG with or without cardiopulmonary bypass, the duration of cardiopulmonary bypass and aortic cross-clamp, the number of diseased vessels and bypass graftings, the duration of the operation, intraoperative total liquid volume, and postoperative intubation time.
Criterion of Hypoxemia
On condition that mechanical ventilation (FiO2 more than 45%) or mask oxygen supply (more than 6 L/min) was administered following CABG, PaO2 less than [102-(0.33× age)] mmHg is diagnosed as postoperative hypoxemia. Factors such as anemia, pain, anesthesia and so forth were excluded.
Statistical Analysis
Statistical analysis was performed using an SPSS10 statistical software package. All p values <0.05 were considered to indicate statistical significance. Each of the investigated materials were defined as independent variables; postoperative hypoxemia (or not) following CABG was defined as a dependent variable, and descriptive analysis was performed (the unpaired t-test or t'-test according to the homogeneity test for variance was used to compare measurement data, and chi-squared analysis was used to compare enumeration data). The risk factors that were obtained by descriptive analysis were tested through logistic regression, and the independent high risk factors were obtained.
Results

Patients
The 576 cases were included in the present study, and 156 cases developed postoperative hypoxemia, accounting for 27.08%. Postoperative hypoxemia was observed mostly on the second postoperative night (p<0.05) and post- decannulation (p<0.05) (Fig 1) . Of 156 cases, 152 suffered from postoperative hypoxemia that ameliorated through respiratory assistance with trachea intubation or bi-level positive airway pressure ventilation; 1 case died of infective shock due to severe pulmonary infection, and 3 cases died of severe low cardiac output in despite of intra-aortic balloon pump and trachea intubation and assisted ventilation.
Methods
Descriptive analysis is presented in Tables 1,2 . Table 1 showed that preoperative hypertension, preoperative diabetes, preoperative smoking, preoperative chronic pulmonary diseases, preoperative left ventricular aneurysm, cardiopulmonary bypass, and aortic cross-clamp might be risk factors of postoperative hypoxemia following CABG. Table 2 revealed that postoperative hypoxemia following CABG might be related significantly with preoperative LVEF and LVEDD, preoperative PaO2, number of bypass graftings, the duration of cardiopulmonary bypass and aortic cross-clamp, and intraoperative total liquid volume. In addition, the comparison between pre and postoperative PaO2 is presented in Table 3 . Postoperative PaO2 was significantly lower than preoperative PaO2 in the hypoxemia group, whereas postoperative PaO2 was markedly higher than preoperative PaO2 in the non-hypoxemia group.
Statistical Analyses
Logistic regression (postoperative hypoxemia (or not) following CABG was defined as a dependent variable) is presented in Table 4 . According to Table 4 , the independent risk factors of postoperative hypoxemia following CABG might be as follows: preoperative chronic pulmonary disease (odds ratio (OR)=8.531, 95% confidence interval (CI) 3.136-23.210), preoperative acute myocardial infarction (OR=3.351, 95% CI 1.539-7.296), preoperative diabetes (OR=3.108, 95% CI 1.439-6.713), preoperative PaO2 (OR= 1.067, 95% CI 1.032-1.103), intraoperative total liquid volume (OR=0.999, 95% CI 0.999-0.999), and the duration of cardiopulmonary bypass (OR=0.984, 95% CI 0.977-0.991). And the regression equation used was: Y=-2.926+ 1.209×preoperative acute myocardial infarction+1.134× preoperative diabetes+2.144×preoperative chronic pulmonary disease+0.065×preoperative PaO2-0.016×duration of cardiopulmonary bypass-0.001×intraoperative total liquid volume.
Logistic regression (postoperative hypoxemia (or not) during mechanical ventilation after surgery was defined as a dependent variable) is presented in Table 5 . The independent risk factors of postoperative hypoxemia during mechanical ventilation after surgery might be as follows: preoperative acute myocardial infarction (OR=2.091, 95% CI 1.520- 
Discussion
One of principles of monitoring patients with coronary artery disease following CABG is increasing oxygen supply and decreasing oxygen consumption. Postoperative hypoxemia following CABG prolongs the duration of endotracheal intubation and assisted ventilation, and increases the incidence rate of pulmonary infection, which might aggravate hypoxemia inversely. Most patients who underwent CABG were senile, and long-term myocardial ischemia damaged the cardiac function, and hypoxemia aggravated cardiac dysfunction. Myocardial oxygen consumption was increased by a fast heart rate caused by hypoxic tissue due to hypoxemia, and lactate accumulation can decrease myocardial function and make homodynamic unstable, induced arrhythmia. Postoperative hypoxemia prolongs the duration of ICU stay and increases patients' and society's economic burden. Thus, it is very important for clinicians to confirm the high risk factors of postoperative hypoxemia following CABG, which is beneficial in terms of prevention and treatment of postoperative hypoxemia following CABG.
In this study, the incidence rate of postoperative hypoxemia was 27.08%, which surpassed (slightly) the 18.80-23.64% found in other reports. [1] [2] [3] [4] [5] Through univariate analysis, the risk factors were as follows: preoperative hypertension, preoperative diabetes, preoperative chronic pulmonary diseases, preoperative smoking, preoperative acute myocardial infarction, preoperative ventricular aneurysm, preoperative LVEF, preoperative LVEDD, preoperative PaO2, number of bypass graftings, the duration of cardiopulmonary bypass and aortic cross-clamp, and intraoperative total liquid volume. Furthermore, through logistic regression, the independent risk factors of postoperative hypoxemia following CABG were as follows: preoperative chronic pulmonary diseases, preoperative acute myocardial infarction, and preoperative diabetes. Preoperative chronic pulmonary diseases were one of the key factors of postoperative hypoxemia following CABG. Small airway obstruction and larger physiologic dead space were observed in patients suffering from chronic pulmonary diseases; furthermore, shallow-quick breathing caused by various reasons after surgery was observed in the early postoperative period, which reduced pulmonary alveolar ventilation volume. Bronchospasm and bronchial stenosis induced by cough and sucking sputum might develop in patients suffering from chronic pulmonary diseases and preoperative hypoxemia, which contributed to obstructive ventilator disorder. Hyperventilation is also observed in patients with chronic pulmonary diseases; this could not be compensated to increase the tidal volume. The reduction, fragmentation and degeneration of elastic fiber might lead to attenuating pulmonary elastic recoil and decreasing the lung compliance in patients with chronic pulmonary diseases. The above-mentioned reasons can cause obstructive and restrictive ventilation disorder, and decrease vital capacity and maximal ventilation volume. 6, 7 Chronic pulmonary diseases reduced pulmonary elastic recoil, the diameter of the air duct, and the number of lung capillary beds caused by damaging pulmonary alveoli, which led to ventilation/perfusion unbalance, and finally damaged the gas exchange function. 8 Preoperative acute myocardial infarction was also an important risk factor of postoperative hypoxemia following CABG. Myocardial edema was observed in patients with acute myocardial infarction, which led to low cardiac function. And patients with preoperative low cardiac function were prone to hypoxemia and even postoperative acute respiratory distress syndrome, which might be associated with low organ perfusion. Meanwhile, low cardiac function would increase pulmonary vascular resistance, pulmonary vascular permeability and pulmonary alveolar exudates, which made the diffusion disorder and ventilation-perfusion imbalance, and thus aggravating hypoxia. 9, 10 The decrease of lung function was considered to be associated with the course of diabetes, and tight glycemic con- trol might delay the deterioration of lung function. Some studies revealed that the lung was one of the "target organs" that diabetes attacked. 11 The impairment of lung function might mainly be associated with microangiopathy caused by diabetes, which might be attributed to structural change of pneumoangiogram endothelial cell and the increase of pneumoangiogram permeability caused by hyperglycemia. In addition, the leakage of plasma and micromolecule protein increased and the glycosylation of tissue protein led to the accrementition of connective tissue, which decreased the elastance of the lung and affected the ventilation function further. The impairment of vessel epithelial cells led to a thickening of pulmonary capillary basal membrane and alveolar epithelium, which could cause diffusion dysfunction. Hyperglycemia might lead to the disorder of synthesis and secretion of alveolar surfactants, which could cause the collapse of the pulmonary alveoli, diminish the gas-exchange surface and aggravated diffusion dysfunction. Pulmonary microangiopathy was confirmed by pathohistology in diabetic patients, and included widespread alterations of basal lamina, hyperplasia of the extracellular matrix, and the change of ultramicrostructure. Thus, reasonable glycemic control preoperatively was crucial for surgery. In addition, through logistic regression, the independent risk factors of postoperative hypoxemia following CABG might be also as follows: intraoperative total liquid volume and the duration of cardiopulmonary bypass. As the study indicated, there was close association between intraoperative total liquid volume and postoperative hypoxemia following CABG. Increasingly, postoperative hypoxemia was observed with the duration of cardiopulmonary bypass and intraoperative total liquid volume. However, retention of liquid could not be measured merely by transfusion volume, because of urinary volume and amount of infusion included crystalloid and colloid. Cardiac diastolic function was lowered in most patients suffering from coronary artery disease, so the infusion volume should be appropriately limited during operation. The duration of cardiopulmonary bypass was also one of risk factors of postoperative hypoxemia following CABG. Cardiopulmonary bypass is associated with a whole body inflammatory response, which involves activation of complement, leukocytes, and endothelial cells with the secretion of cytokines, proteases, arachidonic acid metabolites, and oxygen free radicals; it will lead to acute lung injury. Previous studies have measured the plasma levels of elastase and complement C3a for neutrophils destroyed and observed platelet degranulaton by comparing on-pump CABG with off-pump CABG, with the level in the off-pump CABG group lower than that in the on-pump CABG group. 12, 13 This therefore might shorten the duration of surgery, especially the duration of cardiopulmonary bypass, and might reduce the postoperative pulmonary complications. Advancing the surgeon skills and developing off-pump CABG were beneficial for patient recovery.
Many studies indicated that long-term smoking made patients prone to hypoxemia and ARDS after cardiac surgery. 3, 14 However, smoking was not an independent risk factor of postoperative hypoxemia following CABG through this study. It might be relative with most patients with coronary artery disease and those who smoked. There was a high proportion of smokers in the non-hypoxemia group in this study, and there was almost a similar smoking index between the non-hypoxemia group and the hypoxemia group (975.00±751.39 per year in the hypoxemia group vs 902.86±532.96 per year in the non-hypoxemia group) in this study. In contrast, smoking cessation periods had an influence on postoperative respiratory status (patients who had elective CABG surgery were required to stop smoking at least 2 weeks preoperatively in this study). In addition, many studies showed that senility was also an independent risk factor of postoperative hypoxemia following CABG. 3 There was no significant difference in the mean age between hypoxemia groups and non-hypoxemia group (68.62±6.94 years old vs 68.27±7.96 years old). This might be relative with senile patients included in our study.
The study also investigated the incidence rate of postoperative hypoxemia before and after decannulation. The results indicated that the incidence rate of postoperative hypoxemia was significantly higher after decannulation compared with before decannulation (17.71% vs 9.37%, p<0.05). Through logistic regression, the independent risk factors of postoperative hypoxemia following CABG were not absolutely similar pre-and post-decannulation. Preoperative acute myocardial infarction was one important factor of postoperative hypoxemia before decannulation, and preoperative chronic pulmonary diseases, preoperative acute myocardial infarction and preoperative diabetes were 3 important risk factors of postoperative hypoxemia after decannulation. The reasons might be as follows: preoperative acute myocardial infarction caused low organ perfusion and low cardiac function, which caused a diffusion disorder and ventilation-perfusion imbalance through increasing pulmonary vascular resistance, pulmonary vascular permeability and pulmonary alveolar exudates. Despite preoperative acute myocardial infarction aggravating hypoxia, during mechanical ventilation following CABG, a high flow of oxygen, large tidal volume, and positive end-expiratory pressure increased oxygenation and enshrouded the harm caused by preoperative acute myocardial infarction; after decannulation, the effect of chronic pulmonary diseases, acute myocardial infarction and diabetes on the lung gradually showed that there was a lack of assisted respiratory work, and the level of PaO2 presented a declining trend; with the medical and nurse interventions, the level of PaO2 might have gradually rebound. Thus, extubation indications of tracheal intubation should be emphasized, and respiratory tract nursing care should be strengthened.
